The mechanism that generates sporadic (nonthermal) solar radio emission, which is of great interest to radio astronomy and sclar physics, is rather obscure. Recently the authors considered this problem [1,2,3] and this report gives their summary.
PROPAGATION AND EMISSION OF ELECTROMAGNETIC WAVES
where JV is electron concentration, VT = (kT/m) 112 , T is kinetic temperature, and e, m, c, k are charge and mass of the electron, light velocity and Boltzmann constant.
In the regions of the corona where e>0, waves 1 and 2 are slightly ab sorbed owing to collisions (the role of these collisions is neglected in [1] ). The damping of wave 3 takes place, even if the collisions can be neglected; this damping becomes weak only when X = c/ants exceeds Debye's radius D = (kT/4n*N)V*.
In the isotropic coronal plasma, electron streams generate only plasma waves; however, we are interested in transverse waves escaping from the corona. In a homogeneous plasma, the transformation of plasma waves into trans verse, e.g. radio, waves takes place only owing to scattering on fluctuations of the electron concentration 8N = dN' -f dN"'. In an inhomogeneous isotropic plasma, besides the transformation due to scattering, a regular transition of plasma waves into radio waves can take place in the regions where coo = (4ne*N/m) 112 ~ co; at the same time the plasma waves must fall at small, but not zero, angles toward the gradient N (see [4, 5] ). For the plasma waves with a wide angular spectrum, the correspond ing coefficient of transformation Q < 10" 
RADIATION IN ISOTROPIC PLASMA
Bursts of types II and III, which form a considerable part of the sporadic solar radio emission, are unpolarized or, in any case, nearly unpolarized. Taking into account the conditions of radio-wave propagation and output from the corona, one concludes that the magnetic field in the region of generation of bursts of types II and III is weak; according to some estimates i/o<0 oersted. Under such conditions the plasma in the first approximation can be considered as isotropic.
The frequency drift and some of their other peculiarities lead us to conclude that bursts of types II and III are generated by particle streams. In the isotropic plasma these streams excite the longitudinal waves only. In the case of the incoherent emission the last fact is clear, because the condition of existence of the Vavilov-Cerenkov effect has the form $ni = FoW*/c>l, and is fulfilled only for the wave 3, since «J 2 <1. The existence of a longi tudinal electric field in the plasma wave leads to the stream's instability in the plasma and results in a coherent emission of the plasma waves. We note that from the quantum point of view the instability of the stream in plasma is connected with the fact that this system has a negative absorption (i.e., the induced emission of plasma waves prevails over their absorption). In coherent and coherent emissions of plasma waves arise simultaneously, but they differ by their dependence on the corresponding parameters; they also differ by their frequency and angular spectra.
The energy of incoherent plasma waves emitted per second by the stream in the frequency range day is equal to
where N, 
Here Jf2* and Jf2 represent solid angles for emission of plasma and radio waves respectively, Q is the transformation coefficient, and r the optical thick ness for radio waves. Assuming that Q^3x 10"" It follows from the estimates given above that the incoherent emission of plasma waves by streams explains* in the main, the appearance of the type III bursts; however, it is quite possible that further consideration of the re absorption will change the situation.
At the same time the type II bursts cannot be identified with the inco herent emission, since the velocity of these particles Vo ~ 10 8 cm/sec < VT~ 4 x 10 8 cm/sec (W corresponds to the corona temperature T~10 8O K). The point is that when Vo<VV, a charged particle does not generate the £erenkov radiation. (This follows from non-fulfillment of the radiation condition Vo»s/c>l in the quasihydrodynamic approximation.)
The coherent emission of plasma waves by corpuscular streams explains the peculiarities of the type III bursts, and in all probability, of the type II bursts. N 8^N 
Under certain assumptions (assuming Fo> Wand
where P'(a>) is determined by the formula (2) with *fi,s(a>)~0.1; in (6) it is also written L ~ 10 9 cm, N ~ A new quantitative calculation is needed for the type II bursts, since in this case the particle velocity in the stream Vo < VT . However, one can suppose that the coherent radiation also explains the peculiarities of the type II bursts. The appearance of a harmonic in the burst spectrum is easily ex plained by a nonlinear character of oscillations in the stationary plasma wave. This does not exclude, however, the harmonic from being connected with the output conditions and depending on plasma-wave scattering. . The mechanism of electron acceleration up to the energies E ~ 10 6 eV is briefly discussed in [5] . At the same time the problem of the magnetobremsstrah lung mechanism is not yet sufficiently clear, since the model taken in [12] needs modification (see [5] ). For this reason it is difficult to say whether it is possible to provide, on the basis of the magnetobremsstrahlung mechanism, the predominance of the ordinary component in the high-level radiation.
It is equally impossible to explain the bursts of the type I by magneto bremsstrahlung radiation of electrons, since there is no reason to assume that emitting particles can considerably change their energy in the times < I s characteristic of the bursts of type I. The bursts of types II and III also cannot be connected with the magnetobremsstrahlung radiation (at any rate, if one assumes electrons to be weakly relativistic, which is necessary to explain harmonics). In [13] , where the magnetobremsstrahlung mechanism of the outburst radiation is proposed, the reabsorption, which radically changes the conclusions (see [5] ), was not taken into account.
The Vavilov-Cerenkov effect is possible only in those regions where £»i,a>l. It is clear from Figs. 1 and 2 that the emission of this radiation is complicated and, in all probability, the coefficient of transformation Q does PT. VI not exceed the above-mentioned values for the isotropic plasma. In addition, excluding the case of weak fields //o<l oersted, mainly the ordinary wave will escape. Also, it is impossible to explain the type I bursts on the basis of this mechanism (for the same reason as in the case of the magnetobremsstrahlung radiation). Thus, the Vavilov-Cerenkov effect in the fields i/o>l oersted can generally lead to high-level radiation only, but also it plays a lesser role than in the magnetobremsstrahlung radiation.* In a weak field the Vavilov-Cerenkov effect is, as a matter of fact, equivalent to the radiation of plasma waves in the isotropic plasma (see section 1 and Figs. 2a and b) . The connection of incoherent plasma waves with the bursts of types II and III has been already considered above.* Generally speaking, the stream of charged particles moving in the magnetoactive plasma is unstable, bringing about the coherent radiation of ordinary and extraordinary waves. At a^O a longitudinal electric field exists in these waves, which causes grouping of radiating particles (as in the case of longitudinal waves in the isotropic plasma). If the magnetic field is weak (roughly speaking Ho < 1 oersted), this coherent radiation is practically identical to the coherent radiation of plasma waves considered in section 2 when it was applied to the bursts of types II and III. In stronger fields the coherent radiation is emitted from the corona mainly as ordinary waves; therefore, it can only be connected with high-level radiation and also with the type I bursts. These bursts are generated during the damping of free oscillations in the coronal plasma. Estimates show that to produce the observed flux of radiation of the type I bursts, we must have free-plasma oscillations in the corona with the amplitude E ~ 10" 1 CGSE units. The excitation mecha nism of such oscillations is, however, obscure (perhaps shock-magnetohydrodynamical waves play the role of an exciting agent).* In [16] (see also [5] ) the mechanism of free oscillations of the ionospheric plasma is put forward to explain the short sporadic type I bursts emitted by Jupiter and Venus.
In [14] it was assumed that type I bursts are caused by the magnetobrems strahlung radiation of the system of electron packets (a size of every packet /<^). The electrons of every such packet give the coherent radiation, but a total radiation of the whole system consists of the radiations of separate NO. 103 GINZBURG / ZHELEZNIAKOV 581 packets (i.e., the electron phases in different packets have a random distribu tion). It is clear, however, that such conditions cannot take place in the solar corona, where a length of the free path /free exceeds by 4 to 6 orders the wavelength of the sporadic radiation in the corona X ~ 10* to 10 4 cm. Indeed, the appearance of packets with / < 10 2 to 10 4 cm in the plasma with /free ~ 10 8 cm, and also the existence of definite phase relations, which provides coherency in the region with a characteristic size of /, seem to be doubtful. Moreover, if the packets were produced, they would essentially change their form during the time of the order of 10~7 -10" 6 seconds. (This time is sufficient for electrons with a velocity t; r^4 x 10 8 cm/second to pass along the magnetic field a distance of the order of X). We see also that the increase of radiation intensity of every packet owing to coherency is compensated by the corresponding increase of its absorption. Therefore, the resulting radia tion in a sufficiently thick layer will be the same as for the the system of incoherent electrons.
CONCLUSION
Summing up, we can say that already the general points of the theory of the sporadic solar radio emission seem to be clear. At the same time, a num ber of important questions and details must be considered. For a further development of the theory, it is necessary: (1) to determine the polarization of the magnetobremsstrahlung high-level radiation above the spots; (2) to find the mechanism of excitation of plasma oscillations leading to the appearance of type I bursts; (3) to take more completely into account the reabsorption for the incoherent radiation; (4) to calculate the generation mechanism of the type II bursts by the streams of slow particles; and (5) to consider the stable nonlinear plasma oscillations in order to determine the intensities of har monics. In addition, certainly, there are a number of other questions closely connected with the problem of the sporadic solar radio emission, the most important of which seems to be the mechanism of acceleration of fast par ticles in the corona.
